Identification by in vitro mutagenesis of the interaction of two segments of C2MstC1, a chimera of cytochromes P450 2C2 and P450 2C1.
A hybrid cytochrome P450, C2MstC1, with 306 N-terminal amino acids derived from cytochrome P450 2C2 sequence and 184 C-terminal amino acids from cytochrome P450 2C1 acquires a novel progesterone 21-hydroxylase activity which is absent in the parent enzymes. Extension of the cytochrome P450 2C2 sequence to residue 382 reduced progesterone hydroxylase activity to 5% of that of C2MstC1, while further extension to residue 411 or 462 increased activity back to about 30 or 40%, respectively. In the chimera with cytochrome P450 2C2 sequence to residue 382, substitution of cytochrome P450 2C1 amino acids at positions 368, 369, and 374 increased progesterone hydroxylase activity to a level equivalent to that of C2MstC1. In the chimera with cytochrome P450 2C2 sequence extending to residue 411, substitutions of P450 2C1 amino acids at positions 386 and 388, in addition those at 368, 369, and 374, were required to obtain activities equivalent to that of C2MstC1, which suggests an interaction between these two regions. The lauric acid hydroxylase activities of all chimeras and mutant cytochromes P450 differed by 2-fold or less, demonstrating that the changes in progesterone hydroxylase activity reflected altered interactions with the substrate. Alignment of cytochrome P450 2C1 sequence with cytochromes P450cam, P450BM-3, and P450terp predicts that residues 368/369 and 386/388 are in adjacent antiparallel strands of the same beta-sheet, in agreement with the experimental data suggesting an interaction between these two regions.